Numerical simulation module details based on SDSHI
The detected power spectrum density can be summarized as the following equation from [1] [2] [3] [4] [5] .
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where P0 is the detected optical power by PD, f is the measurement frequency, f1 is the AOM frequency shift, τd (τd=L/c, L is the length of the delaying fiber, c is the speed of light) is the time delay of one path with respect to the other path, and Δf is the full-width-half-maximum (FWHM) of the power spectrum (Lorentzian linewidth). As for EqS1(c), when f ≠ f1, δ(f ±f1)=0, S3 = 0 and f = f1, S3=infinite, the power spectrum S can be simplified to be S(f, Δf)=S1S2 whereas the detected power spectrum is unstable at f = f1. All simulated normalized power spectra were computed using S(f, Δf)=S1S2.
From Eq. S1, we can see that the power spectrum S is the product of the Lorentzian spectrum S1
and the periodic modulation power spectrum S2. Figure S1 shows the simulated normalized power spectrum for S (brown line), S1 (red line), and S2 (blue line), respectively, with a 1 kHz laser linewidth (Δf=1 kHz) and 1500 m of delaying fiber (L=1500 m). If 500 km delaying fiber is used to detect the 1 kHz laser linewidth, the amplitude for S2 is so small that the power spectrum S is almost equal to Lorentzian spectrum S1, and this is the classical DSHI used to detect the laser linewidth. However, for the actual experiment, the use of such a long delaying fiber would induce a large Gaussian spectrum by 1/f noise for the center frequency [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] , which could mask the Lorentzian spectrum. This is why it is difficult to detect accurately the narrow linewidth using traditional DSHI. If τd is much smaller than the laser coherent time τc=1/ (2πΔf), the amplitude of S2 is too large to be neglected and it will be periodically superimposed on the Lorentzian line shape S1 to finally form S shown in figure S1.
Since the power spectrum S is the product of the Lorentzian spectrum S1 with the periodic modulation power spectrum S2, the Lorentzian linewidth Δf can also be reflected by its coherent envelope. This method can also eliminate the effect of the Gaussian spectrum for the center frequency.
From this point of view, our method provides a new way to accurately detect laser linewidths 5 . 
Influence of the Gaussian linewidth
In reference [15] , the Gaussian linewidth induced by the 1/f noise is about where k depends on the type of phase-locked loop and the acceptable phase-error variance [15] [16] [17] [18] [19] [20] [21] [22] , and τd=nL/c. If we want to reduce the Gaussian linewidth induced by the 1/f noise to obtain the Lorentzian linewidth, the level k should be decreased and the delaying fiber L should be shortened. Since the level for k is difficult to detect and different lasers have different k values, the value for Glw is difficult to be determined. It has been shown that shortening the length of the delaying fiber is a valuable way to eliminate Gaussian linewidth. Since the power spectrum detected by DSHI is the convolution of the Lorentzian spectrum and the approximately Gaussian spectrum 15, 23, 24 , the linewidth of the detected power spectrum must be larger than the linewidth of the Gaussian spectrum. Therefore, in this letter, we use the power spectrum detected using DSHI to displace the Gaussian spectrum and determine the suitable length for the delaying fiber to eliminate the effect of the Gaussian spectrum induced by the 1/f noise.
